Nonhistone nuclear proteins, manyof which remain yet uncharacterized, consist of complex molecular species. SI proteins are a group of nonhistone proteins isolated from rat liver nuclei after mild digestion with DNase I (1): they selectively remain soluble upon lowering the pH of the reaction supernatant to 4.9 (2). They occur at the sites sensitive to both DNasesand RNase, and are liberated from nuclei by mild digestion with DNase or RNase (3).
SI proteins are composed of a set of four proteins (A, B, C and D). Their molecular weights are: A; 76,000-80,000; B, 48,000-49,500; C, 44,500-45,200; D, 39,500-41,500. Each SI protein reveals complex microheterogeneity arising from various distinct charges, and is resolved over broad pi ranges in isoelectric focusing ((1) and unpublished data). In SDS-PAGE, they are further split into closely spaced doublets (Al and A2, Bl and B2, Cl and C2), and a triplet (Dl, D2 and D3). Based on their copy numbers, which are greater than those of the high mobility group proteins, SI proteins are thought to be structural constituents of the cell nucleus; however, they do not coincide with the knownnuclear structural proteins (1). In this study, we raised in a rabbit an antiserum against protein B from rat liver, and examined its specificity and the intracellular localization of SI proteins.
MATERIALS AND METHODS
Chemicals. Chemicals were purchased from Sigma, except for those specified below.
SI protein preparation. SI proteins were prepared from isolated nuclei of livers of various vertebrates (rat, dog, chicken, frog and carp) and of calf thymus, according to the method described previously (1). Briefly, liver nuclei, isolated through 9 tissue volumes (v/w) of2.3 M sucrose/3 mMMgCl2 /0.2 mMphenylmethylsulfonyl fluoride, were washed extensively with 0.3 M sucrose/3 mMMgCl2/0.2mM phenylmethylsulfonyl fluoride/12 mMTris-HCl, pH 7.6 (SMT), and digested at 30 A260 units/ml with DNase I (2.0-4.5 jug/ml, Sigma) at 30°C for 7 min in 0.5 mMCaCl2/SMT. The reaction was terminated with Na2EDTA (5 mM), the preparation centrifuged at 3000xg for 10 min, and the supernatant was recentrifuged at 50,000 x g. Proteins in the supernatant were collected and subjected to SDS-PAGEas described (1). When they were concentrated by precipitation with 2 vol. cold ethanol (in the presence of 0.1 M NaCl), 10 mMNaCl/3 mM MgCl2/0.2 mMphenylmethylsulfonyl fluoride/10 mMTrisHCl, pH 7.2 was used as the medium for DNase I-digestion. Calf thymus was homogenized with 3 up-and-down strokes in 2 vol. of 2.3 M sucrose/3 mMMgCl2/0.2 mMphenylmethylsulfonyl fluoride, and the homogenate centrifuged in a final 7 vol. of the sucrose solution.
Cell fractionation. Livers of Wister rats (250g body weight) were homogenized at 4°C in SMT containing 100 //g/ml leupeptin and 100 KlU/ml aprotinin (SMIT), and centrifuged differentially at 1000 x g for 10 min, 10,000 x g for 20 min, and 100,000xg for 1 h. The 1000x g pellet was washed 3 times with 0.5% Triton X-100 in SMIT, and nuclear proteins were extracted with 0.35 MNaCl/SMIT. Proteins in the nuclear extract and cytosol supernatant were precipitated with 2 volumes of ethanol in the presence of 0.1 MNaCl. The pelleted proteins and the 10,000xg mitochondrial, and 100,000 x g microsomal sediments were solubilized in 0.1% SDS.
Protein concentration was determined using bovine serum albumin as a standard, according to the manufacturer's protocol (Pierce, BCAprotein assay reagent). Electrophoresis was carried out as described by Laemmli (4). Immunization. SI proteins (1.5 mg) were separated by electrophoresis on a 11% polyacrylamide SDS-slab gel (2 x 150x 150 mm) with 3% stacking gel (10 mmhigh). After electrophoresis, the gel was stained with Coomassie blue for 2 min and destained. Using a razor blade, band B was excised, and dialyzed against 10 mMphosphate buffer, pH 7.5. Two female New Zealand white rabbits (4 kg) were immunized subcutaneously with 60-100 ug protein, in the gel pieces that were crushed finely and emulsified with Freund's complete adjuvant. Animals were immunizedthree times at 2 week intervals using incomplete adjuvant and bled 7 days after the last booster injection. Sera were divided into aliquots and stored at -20°C.
Before immunization, sera were collected from the ear veins as preimmune controls.
Immunoblotting. Western blotting of SI proteins was performed according to the method ofTowbin et al. (5) . The blotted-polyvinylidene difluoride (PVDF) membrane (Millipore)
was blocked with 2% non-fat milk in 10mM Tris-HCl, 150mM NaCl, 0.05% Tween 20, pH 8.0 (TBST) for 30min and incubated with anti-Si antibody (1 : 300 dilution in TBST) for 60min. After washing 3 times with TBST, the membrane was further incubated with peroxidase-conjugated goat anti-rabbit IgG F (ab' )2 (1 :1500, Cappel Lab., USA) for 60 min, washed and finally incubated with 0.015% H2O2 and 0.4mg/ml 3-amino-9-ethylcarbazole in 50mMsodium acetate, pH 4.9, until the color developed. , and electrophoresed on SDS gels. The gels were stained with Coomassie blue. Mr. was determined using bovine serum albumin (68,000), chicken egg albumin (43,000) and bovine pancreatic DNase I (30,000) as standards.
Immunofluorescence. Rat liver was excised, quickly frozen in acetone-dry ice, and lOjum thick sections were cut by a Bright cryostat at -15°C. The sections on slide glasses were dried in air for 15 min, fixed with 10% formaldehyde in phosphate buffered saline (PBS) for 10 min, and permeabilized in 0.1% Triton X-100/PBS for 5 min. After three washings in PBS, they were overlaid with anti-Si antibody diluted at 1 : 50 for 15h at 4°C, and washed three times. They were successively incubated for 20 min with FITC-conjugated goat anti-rabbit IgG (Cappel Lab., USA) diluted at 1 : 20, washed, mounted in a GELmount (Biomeda Corp., USA) and observed by an immunofluorescence microscope (Olympus, Japan).
RESULTS
Commonoccurrence of protein B (Fig. 7) . SDS-gel sity of those from frog and carp (lanes 5 and 6) was faint. Protein D could be discerned only in rat liver and calf thymus (lanes 1 and 3) . Accordingly, we raised an antiserum in a rabbit, using rat liver protein B as an immunogen.
Immunoblotting of SI proteins {Fig. 2). The antiprotein B serum not only reacted with protein B, but also with proteins C and D. The 0.35 M NaCl-nuclear extract from rat liver contained highly heterogeneous protein species as seen on SDS-PAGE (Fig. 2, lane 2) ; however, the antiserum reacted only with proteins B, C and D (lane 3) (we thus called this preparation anti-Si antibody). Moreprecisely, the serum reacted, amongSI proteins, with proteins B2 and Cl, strongly, and with Dl, moderately. Preimmune control serum did not react with SI proteins (lane 4).
SI proteins occur only in the cell nucleus (Fig. 3) . The anti-Si antibody reacted specifically with isolated SI proteins (Fig. 3, lanes 2 and 2' ) , and withthosein the 0.35 MNaCl nuclear extract (Fig. 2) . In contrast, no positive bands were detected in the fractions of cytosol, microsomes and mitochondria (Fig. 3, lanes 1', 3 ' and 4%
Immunofluorescence (Fig. 4) . Strong immunofluorescence was observed in the cell nuclei of rat liver tissue sections (Fig. 4A) . However, the nucleoli were not stained. This was supported by the finding that com- known. SI proteins are released with DNase I from isolated nuclei (1) under the conditions which rapidly fragment the transcriptionally active chromatin (7, 8) . SI proteins are also released from nuclei by digestion with RNase (3). These may suggest that SI proteins exist in association with RNA-containing chromatin structures and participate in the transcriptional (or posttranscriptional)
process. The anti-Si antibody will become a useful tool for understanding the function of SI proteins.
In conclusion, the present study suggests that SI proteins are located in the cell nucleus, and that the proteins B, C and D have commonepitopes. The anti-Si antibody may be used as a specific probe in structural and functional studies of SI proteins.
